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(54) CnOCOB KOrEPEHTHOfl PA3HECEHHOtf HEPEflAMM CMfHAJIA 



(57) . 

H306peTeHMe OTHOCKITCfl K o6nacTM 
paflHOTeXHMKM M MO>KeT MCnO/lbSOBaTbCfl B 

cucTeMax paflnocBH3M. Cnoco6 KorepeHTHOfl 
pa3HeceHHofi nepeAann curHana 3aicnioMaeTCji b 
tom, hto Ha nepeflaioiMeM CTopoHe cpopMnpyioT 
N KaHanoB paaHeceHun, cpopMiipyioT N 
nunoT-cumanoB, nepeflaroT nH(|)opMamioHHbitf 
cuman nepe3 Bee KaHanw pa3HeceHKia a 
nunoT-curHaiibi - no cooTBeTCTByroinnM KaHanawi 
pa3HeceHHfl, Ha npaeMHofl CTopoHe oi^eHKmaioT 
nepeflaTOHHbie (J^yHKi^nn KaHanoB pa3HeceHMJi c 
ncnonb30BaHKieM nepeflaHHbix nunoT-curHanoB, 
Ha nepeAaromePi cropoHe b cooTBeTCTBMKi c 
nonyneHHbiMn pe3ynbTaTaMM oi^eHOK 



ooymeoTsnnioT npeAbiCKa>tceHMe 
nHcpopMannoHHoro onrHana, nepeAaBaeMoro 
nepea Kawsbifi KaHan pa3HeceHHH. AocrnraeMbifl 
TexHunecKnR pe3ynbTaT - noBbiiueHKie 
ocpcpeKTMBHocTM nepenaw onrHana b cucTeiwe 

paAH0CB513M npM HaCTOTHO-CeneKTHBHblX 

3aMMpaHnax cumana. 6 3.n. c$>-nbi, 6 wi. 
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(54) METHOD FOR COHERENT STAGGERED SIGNAL TRANSMISSION 

(57) Abstract: 

FIELD: radio engineering; radio 
communication systems. SUBSTANCE: method 
includes generation of N staggering channels 
and N pilot signals on sending end; data 
signal is transmitted through all staggering 
channels and pilot signal is passed through 
respective staggering channels; on receiving 
end transfer functions of staggering 
channels are estimated using transmitted 
pilot signals; using estimates obtained data 
signal transmitted through each staggering 



channel is pre-distorted on sending end. 
EFFECT: enhanced efficiency of signal 
transmission at frequency-selective signal 
fading. 7 cl, 6 dwg 
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H3o6peTeHKie othocmtch k oonac™ 
paflMOTexHMKM, k cnoco6y 0praHM3aU,MM 
pa3HeceHHoR nepeAann cumana b CMCTeMe 

paflMOCBfl3M, B HaCTHOCTM B CMCTeMe 
paflMOCBfl3M C MHOXCeCTBeHHbIM flOCTynOM. 

Ana paflMOCBf)3M b ycnoBKiax ropoflCKOM 
3acTpofiKM v\m nepeceneHHoH MecTHOcTM 
xapaicrepHo MHoronyneBoe pacnpocTpaHeHne 
cumana, npMBOflfliflee k 3aMnpaHMAM cumana 
Ha npnewiHOM cTopoHe, b tom niicne m k 
HacTOTHo-ceneicrMBHbiM 3aMnpaHMSiM. 
3aMnpaHMfl 3HaHMTenbHO yxyfliuaioT KanecTBO 
npneiwa cumana, npn stom b cucTeMax 
nepeaann MHd?opMau,MM B03pacTaeT 

BepOflTHOCTb OIUMOOK, M CHMHCaeTCfl CKOpOCTb 

nepeflanu MHdpopMaujw. 

nosTOMy Heo6xoflMMO t»3flaBaTb TaKne 
cnoco6bi nepeflann cumana, KOTopue cnwoxiT 
BJiM^Hne 3aMnpaHMR Ha KanecTBO paflKiocBH3M. 
Han6onee sdxpeKTMBHbiM cnoco6oM 6opb6bi c 
3aMnpaHMflMM flBTifleTcn opraHM3am<ifl 
pa3HeceHHbix KaHanoB nepeflann (b Kcropbix 
nepeaaBaeMbiR cnrHan npeTepneBaeT 

CTaTMCTMHeCKM He3aBMCMMbie MCKaWeHKIfl [1, 

Microwave Mobile Communications/Edited by 
William C. Jakes. IEEE Press. NY, 1994]) m 
nepeflana flaHHbix no stkim pa3HeceHHbiM 
KaHanaM. 

H3BecTHbi cnoco6bi KorepeHTHOfl 
pa3HeceHHoR nepeflann cumana, Ha3biBaeMbie 
Retransmission Diversity [1]. nepeflana 
cumana cornacHO stum cnoco6aM 
ocyiflecTsnfleTca c N npocTpaHCTBeHHO 
pa3HeceHHbix nepeflaioiflux aHTeHH. npn stom 
Ha nepeflaKDiAeti CTopoHe M3BecTHbi 
KOMnneKCHbie KOSdpdpni^neHTbi nepeflann 
cnmanoB Mewy nepeflaioinnMM aHTeHHaMM n 
npneMHoii aHTeHHoH. 3Ta MHCpopMau,Mfl 
ncnonb3yeTC?i flna MaKCMMM3amiM OTHOiiieHHfl 
cuman-ujyM (OCUJ) B npneMHod aHTeHHe 
nocpeflCTBOM onTMManbHofl ycTaHOBKM 
awinnnTyflbi m <pa3bi nepeflaBaeMoro cumana b 
Kax<floPi nepeflaraiflePi aHTeHHe. 

PaccMaTpMBaKJTcyi flBa ochobhux cnoco6a 
nonyneHHfl TpeoyeMofl nHcpopMau.nn o KaHane 
pacnpocTpaHeHMJi. B nepBOM cnocooe b 
CMCTeMe cbh3h peann30BaH BpeMeHHofl 
AynneKC. nosTOMy oueHKa KaHana 
pacnpocTpaHeHun dpopMHpyeTcfl npn npneMe 
cumana Ha yKa3aHHbie N aHTeHH. Bo btopom 
cnoco6e Mcnonb3yeTCfl nacTOTHbifi flynneKC, ho 
nonocbi h acTOT npsMoro n o6paTHoro KaHanoB 
nepeflann cumana pacnonaraioTCfl 6nn3K0 flpyr 
k flpyry c TeM, nTofjbi KaHanbi pacnpocrpaHeHKifl 
b npflMOM m oCpaTHOM HanpaBneHvwx Cbinn 
cvwbHO KoppennpoBaHHbiMM. B 3TOM cnynae 3a 
oi^eHKy npflMoro KaHana TaroKe oepeTca ou,eHKa 
o6pa™oro KaHana. 

B COBpeMeHHblX CMCTeMaX CBH3M OObinHO 

ncnonb3yeTCfi nacTOTHbiM flynneKC n 
npMMeHAKDTCfl flocTaTOHHO ujupoKononocHbie 
cumanbi. nosTOMy ycTpaHeHne B3anMHoro 
BnnflHun cnmanoB b npaMOM m oCpaTHOM 
KaHanax Tpe6yeT ooecneneHMH 3HannTenbHoro 
nacTOTHoro pa3Hoca Me)Kfly stmmm KaHanaMM. 
YKa3aHHbie dpaiaopbi ncicnionaioT npaKTunecKyK) 
peann3aL^MK) cnoco6a Retransmission Diversity 
[1]. 

Ana MHoronyneBbix KaHanoB cbh3m H3BecTH0 
TexHunecKoe peweHHe [2, "Pre-RAKE diversity 
combining in time division duplex CDMA 
mibile communications", IEEE, 1995 r. , 
0-7803-3002-1/95 431-435], 3aicnionaiOLfleecfl b 
tom, 4to npeflHasHaneHHbiR flnn nepeflann 
MHdpopMai^MOHHbi^ cuman npeflbicKaxaeTCH 



TaKMM o6pa30M, HTo6bi CKOMneHcupoBaTb ero 
ncKa)KeHMfl b MHoronyneBOM KaHane. B 
pe3ynbTaTe npuHMMaeMbiM cuman ABnaeTCfl 
oflHonyneBbiM m o6pa6aTbiBaeTca npocTbiM 
oflHonyneBbiM npneMHMKOM. 3to oco6eHHO 
airryanbHO flrifi np^Moro KaHana, nocKonbKy Ha 
a6oHeHTCKO& CTaHi^nn He TperjyeTCfi 
ncnonb30BaHne cno>KHoro b peann3aL^nn 
MHorojiyneBoro (Rake) npneMHMKa. flnn 
peann3ai^MM yKa3aHHoro cnoco6a nepeflann 
cumana Ha nepeaaioLnefl cropoHe Tpe6yeTCH 
oi^eHKa KaHana pacnpocTpaHeHna. noaTOMy 
aBTopbi npeflnaraioT cbom cnoco6 flnn cncTeM 
CBS3M c BpeMeHHbiM flynneKCOM, rfle nonyneHne 
TaKoR 0L|eHKM He npeflCTaBnaeT 6onbUJMX 
3aTpyflHeHnH. 

Han6onee 6nn3KMM TexHMMecKMM peiueHMeM 
k sajiBnaeMoMy cnoco6y pa3HeceHHoR nepeflann 
cumana flanneTCJi cnoco6, onncaHHbiR b 
npoeiae cTaHflapTa 3GPP [3; 3 rd Generation 
Partnership Project; Technical Specification 
Group Radio Access Network; Physical Layer 
procedures (FDD), 3G TS 25.214 v.3.3.0 
(2000-06), p. p. 29-31, sneiapoHHafl Bepcnfl 
http://www.3gpp.org], Cnoco6-npoToTnn 
ncnonb3yeTca b npHMOM KaHane (HanpaBneHMe 

CBA3M OT 6a30BOH CTaHL^MM K M06nnbHOfi 
CTaHL^MM) CUCTeMbl CBJ13M 3GPP 3aKniOMaeTC51 B 

TOM, mto: 

Ha nepeflaioiAeR CTopoHe qoopMnpyioT flBa 
npocTpaHCTBeHHO pa3HeceHHbix KaHana 
nepeflann cnrHana, Ana Kax<floro 
npocTpaHCTBeHHO pa3HeceHHoro KaHana 
nepeflann cnrHana qoopMnpyioT 

cooTBeTCTByioLMHH 3TOMy KaHany nnnoT-cnrHan 
T8KHM 06pa30M, HT06bl ccpopMnpoBaHHbie 
nmioT-cnmanbi 6binn B3anMHO oproroHanbHbi, 
dpopMnpyiOT MHcbopMaL\MOHHbi« cuman, 
opToroHanbHbifl nmioT-cumanaM, n nepeAaioT 
ero nepe3 flBa npocTpaHCTBeHHO pa3HeceHHbix 
Kanana nepeflann cumana oflHOBpeMeHHO c 
nunoT-cnmanaMn; 

na npneMHOvi cropoHe cpopMnpycT oi^eHKy 
cpa30Boro cflBnra, KOTopyro Heo6xoflMMO BHecTM 
b curnan, nepeflaBaeMbiR nepe3 BTopoR 
npocTpaHCTBeHHO pa3HeceHHbiH KaHan 
nepeflann cumana Ana toto, nTo6bi 
MaKCMMH3npoBaTb oTHOLueHne cnman-noMexa 
na npneMHoR CTopone, nnn oueHKy cpa30Boro 
CABnra n aMnnnTyAHoro MHOJKMTena 

(K03dpcpMmieHTa), KOTOpbie HeorjXOAMMO BHeCTM 

b cuman, nepeAaBaeMbifi nepe3 BTopofi 
npocTpaHCTBeHHO pa3HeceHHbiB KaHan 
nepeAann cumana flna Toro, nTo6bi 
MaKCMMM3npoBaTb OTHOuueHne cnman-noMexa 
Ha npneMHoR CTopoHe, nonyneHHbie oueHKM 
cooBmaioT Ha nepeaaiomyio CTopoHy; 

na nepeflaiomeH CTopoHe KoppeKTupyioT 
curHan, nepeflaBaeMbifi no BTopoMy 
npocTpaHCTBeHHO pa3HeceHHOMy KaHany 
nepeflann cumana b cooTBeTCTBnn c 
nonyneHHbiMH ot^eHnaMH. 

YKa3aHHoe n3o6peTeHne Mo>KeT 
ncnonb30BaTbcn b cucTeMax cb^3m c nacTOTHbiM 
AynneKCOM Bnaroflapn Hannnnw o6paTHoH 
CBfi3n, no kotopom nepeflaeTCfl oueHKa np^Moro 
Kanana c Mo6nnbHoR cTaHL^nn (MC) Ha 6a30ByK) 
craHUnio (BC). 

HeAOCTaTKOM cnoco6a-npoTOTnna flBnneTCfl 
HH3Kan sdpcbeKTMBHOcTb pa6oTbi npn 
nacTOTHO-ceneKTMBHbix 3aMMpaHnax cumana. 
Ha nepeAaioifleM cropoHe Bee KOMnoHeHTbi 
cneKTpa nepeAaBaeMoro cnrHana nonynaKDT 
OAHHaroBbie aMnnnTyAHO-cpa30Bbie KoppeKL^nn, 
b to BpeMH KaK aMnnnTyAHO-cpa30Bbie 
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MCKSDKeHMfl pa3nnHHbix ynacTKOB cneiapa 
npuHMMaeMoro cKimana pa3nnHai0TCH BBMfly 
HacTOTHO-cenexTMBHoro xapaicrepa 3aMnpaHMii. 
nooTOMy b cnoco6e-npoTOTnne HeB03MO)KHO 
o6ecneHHTb ornviManbHoe KorepeHTHoe 
cnoxeme b TOHKe npneMa KonnH 
MHcf)opMaL(MOHHoro cumana, nepeAaHHbix no 
pa3HeceHHbiM KaHanaM, oflHOBpeMeHHO ppa 
Bcex cneicrpanbHbix KOMnoHem 

MHc})opMaL4MOHHoro cumana. 

3aflana, Ha petueHne kotopoR HanpaBneHO 
3a$iBJifleMoe M3o6peTeHne, - noBbiiiieHne 
acptfieKTMBHOCTM nepeflaHM cumana b cucieMe 

paflMOCBJ13M npM HaCTOTHO-CeneKTHBHblX 

3aMnpaHMJix cumana. 

nocTaBJieHHaji 3aflana pewaeTca nyTeiw 
ncnonb30BaHMfl 3aflBnfleMoro cnoco6a 
KorepeHTHo^ pa3HecenHofl nepeflann cumana. 

3aflBnneMbiR cnoco6 KorepeHTHoPi 
pa3HeceHHoPi nepeflann cumana 3aKni04aeTCfl b 

TOM, 4T0: 

Ha nepeflaioinefi cropoHe cpopMnpywT N 
KaHanoB pa3HeceHMH, 

cpopwinpyioT N nunoT-curHanoB m Ha3Ha4aioT 
Kax<noMy KaHany pa3HeceHua cboA 
nunoT-curHan, 

nepeflaioT MHCpopMaL(MOHHbifi cuman nepe3 
Bee KaHanbi pa3HeceHKifl, a nunoT-curHanbi - no 
cooTBeTCTByiOLmiM KaHanaM pa3HeceHKifl, 

Ha npueMHoH cropoHe oueHMBaioT 
nepeflaTCWHbie cpyHKL^nn KaHanoB pa3HeceHMH c 
Mcnonb30BaHMeM nepeAaHHbix nunoT-curHanoB, 
nepeaaiOT pe3ynbTaTbi OL\eHKM nepeAara^Hbix 
cpyHKL^a KaHanoB pa3HeceHKifl Ha nepeAaioiAyio 
CTopoHy, 

Ha nepeflaiomeCf cTopoHe b cooTBeTCTBun c 
nonyneHHbiMM pe3ynbTaTaMn oijeHOK 
ocyinecTBJW kit npeAbicKa>KeHMe 
MHcpopMai^noHHoro curHana, nepeAaBaeMoro 
nepe3 KcUKAbiPi KaHan pa3HeceHKifl tskkm 

06pa30M, HTOObl MaKCMMM3MpOBaTb KSMeCTBO 

npneMa MHCpopMaL(MOHHoro curHana Ha 
npneMHoPi CTopoHe. 

npuneM nnnoT-cnmanbi KaHanoB 
pa3HeceHM?i h MHCpopMaL^noHHbiPi cuman 

HBnfllOTCfl B33HMHO OpTOrOHajIbHblMH. 

Bo3MoxcHbi pa3riM4Hbie cnoco6bi 
cfcopMHpoBaHHH nMiioT-cumanoB. 

nunoT-curHanbi KaHanoB pa3HeceHMfl n 
MHCpopMai^noHHbivi oilman MoryT, HanpuMep, 
3aHMM3Tb oAHy n Ty 7KB nonocy ^aCTOT. 

nunoT-curHan ksukaoto KaHana pa3HeceHna 
MoxceT npeACTaBJisTb co6ofi coBOKynHOCTb 
y3KononocHbix nunoT-curHanoB, 
pacnpeAeneHHbix no nonoce ^acTOT, 
3aHMMaeMofi HHc^opMaLiHOHHbiM cumanoM. 

nmiOT-curHan Ka>KAoro KaHana pa3HeceHKia 
MO>KeT npeACTaBJiyiTb coooPi coBOKynHOCTb 
y3KononocHbix nnnoT-CMmanoB, 
pacnpeAeneHHbix no nonoce nacTOT, 
BbiAeneHHoCi cucTeivie paAH0CBfl3M, npn stom 
nonoca nacTOT pa3AenfleTca Me*Ay 
y3KononocHbiMM nunoT-cumanaMM pa3nnHHbix 
KaHanoB pa3HeceHnn v\ MHCpopMai^noHHbiM 
cumanoM. 

OnepaL(KiH npeANCKaweHHH 
MHa>opMamioHHoro curHana MO>KeT 6biTb 
BbinonHeHa pa3nMHHbiM o6pa30M. 

HanpMMep, Ana ocymecTBneHKifl 
npeAbiCKaxceHMH HHCpopMamiOHHoro curHana 
pa36MBaioT nonocy nacTOT MHCpopiviaL(MOHHoro 
cumana Ha M nprnvibiKaioiAMX nacTOTHbix nonoc, 
ocyiAecTBnaioT cpHnbTpatjHio MHcfcopMaL^oHHoro 
curHana b Ka>t<flofi nacTOTHOfi nonoce, o6pa3ya 
M 4)nnbTpoBaHHbix HHtfcopiviaL^oHHbix cumanoB, 



KoppeKTupyioT a>a3y m aMnnnTyAy Ka>KAoro 
cpunbTpoBaHHoro MHO>opMai^MOHHoro cumana b 

COOTBeTCTBMM C pe3ynbTaTaMM Ol^eHKM 

nepeAaTOHHOtf cpyHKi^nn cooTBeTCTByiomero 
KaHana pa3HeceHMfl, o6pa3ya 
CKoppeKTMpoBaHHbie 4)nnbTpoBaHHbie 
MHCpopMai^MOHHbie curHanu, KOTopbie 3aTeM 
cyMMkipyioT. 

UnM, HanpuMep, Ann ocymecTBneHMfl 
npeAbicKa>KeHMSi MHtfiopMai^MOHHoro curHana 
ocymecTBnflicT npnMoe npeo6pa30BaHne *ypbe 
HaA MH(fcopMai^oHHbiM cumanoM, pe3ynbTaT 
npeo6pa30BaHMSi nepeMHO)KaioT c (feyHKi^eR, 
KOMnneKCHO conpsi)KeHHOM c nepeAaTOHHoR 
cpyHKL^neR cooTBeTCTByiomero KaHana 
pa3HeceHMfi, m ocyiMecTBnjiioT o6paTHoe 
npeo6pa30BaHMe tfypbe. 

noA nepeAaT04HoR cpyHKi^nePi (nnn 
HacTOTHbiM KOScpcpni^neHTOM nepeAann) 
nnHeCiHoR cucTeMbi b nuTepaType [4, 
ToHopoBCKnR H.C. PaAHOTexHM4ecKMe i^enn m 
cumanbi. MocKBa, "CoBeTCKoe paAHo". 1977, c. 
176-177], [5, CM. BacKaKOB. 

PaAM0TexHM4ecKne i^enn m cumanbi, M., 
"Bbiciuaji lUKona, 1988 r., c. 211-212] 
noHMMaeTCfi KOMnneKCHaa cpyHKL^a, paBHan 
nacTHOMy cneKTpanbHbix nnoTHocTeR BbixoAHoro 
vi bxoahoto cumanoB nMHeflHoR cucTeMbi. 

ConocTaBMTenbHbid aHann3 3aflBnaeMoro 
cnoco6a c npoTOTunoM noKa3biBaeT, 4to 
3aflBnneMbiR cnoco6 cyu^ecTBeHHO oTnu^aeTCfl 
ot npoTOTuna. 

O6U4MMH npn3HaKaMM 3aflanfleMoro cnoco6a 
m npoTOTuna RsnaeTcn c})opMnpoBaHMe N 
KaHanoB pa3HeceHMfl Ha nepeAaiomed CTopoHe 
m Hann4ne o6paTHoR cba3h c npneMHoR 
CTOpOHbl, KOTOpajI cny>KMT Ana KoppeKi^nn 
napaMeTpoB MHC()opMai^noHHoro cumana, 
nepeAaBaeMoro nepe3 pa3nnHHbie KaHanbi 
pa3HeceHnn, c i^enbio ynyHweHMfl KanecTBa 
npneMa HHt^opMai^noHHoro cumana. 

OTnuMMTenbHbiMM npn3HaKaMM 3aflBnaeMoro 
cnoco6a m npoTOTuna HBnnK>TC^ cneAyioiAMe 
npn3HaKn: 

Ha npneMHOM cropoHe 0L(eHMBai0T 
nepeAaTOHHbie (fiyHKmiM KaHanoB pa3HeceHnn c 
ncnonb30BaHneM nepeAaHHbix nunoT cumanoB, 

nepeAaioT pe3ynbTaTbi oi^eHKM 

nepeAaTOHHbix cpyHKi^nCi KaHanoB pa3HeceHMJi 
Ha nepeAaiomyio CTopoHy, 

Ha nepeAaioiAei^ CTopoHe b COOTBeTCTBMM c 
nonyneHHbiMH pe3ynbTaTaMM oi^eHOK 
ocyiAecTBnnioT npeAbicKa)KeHMe 
HHcfiopMai^MOHHoro cumana, nepeAaBaeMoro 
Hepe3 KajKAbi^ KaHan pa3HeceHM?i, tbkmm 

06pa30M, HT06bl MaKCHMM3MP0BaTb KaHeCTBO 

npneMa HHCfiopMaL(MOHHoro cumana Ha 
npneMHOM CTopoHe. 

HoBM3Ha v\ npenMyiAecTBO 3ajiBnjieMoro 
cnoco6a KorepeHTHOM pa3HeceHHoPi nepeAaHU 
curHana 3aKnioHaioTCfl b yneTe nacTOTHO 
-ceneKTHBHoro xapaKrepa 3aMnpaHnSi cumana 
nocpeACTBOM onTHMM3ai^MM pa3HeceHHofi 
nepeAann BHyTpn nonocbi nacTOT, 3aHHMaeMoCi 
HH4>opMamioHHbiM cumanoM. 

nepeHMcneHHbie oTnunnTenbHue npn3HaKM 
o6ecneHMBaioT 3a^Bn5ieMOMy cnoco6y no 

CpaBHeHMK) C npOTOTMnOM COOTBeTCTBMe 
KpMTepHK) "HOBM3Ha". 

CpaBHeHne 3aflBn$ieMoro M3o6peTeHMji c 

APyrHMH TeXHMHeCKMMM peiiieHMflMH, 
H3BeCTHblMM B AaHHOfl 06naCTM TeXHMKM, He 

no3Bonnno BbmBMTb npn3HaKM, onpeAeneHHbie 
K3K oTnuHMTenbHbie. 

CoBOKynHOCTb OTnunnTenbHbix npn3HaK0B 



npn peann3aLjnn b 3aflBJweM0M cnoco6e 
KorepeHTHoH pa3HeceHH0M nepeflann cumana 

n03BOJWeT 3HaHHTenbHO nOBblCMTb 

noMexoycTOMHMBocTb m nponycKHyio 

Cri0C06H0CTb CMCTeMbl paflMOCB^3M. 

CneAOBaTexibHO, 3aflBnaeMoe H3o6peTeHMe 
OTBenaeT KpMTepMHM M3o6peTeHMfl 
"cyu^ecTBeHHbie oTnuHun", "HeoneBUflHOCTb" h 
oTBenaeT M3o6peTaTenbCKOMy ypoBHio. 

B 3aBMCMMbix nyHiaax cpopMynw npuBeAeHbi 
npuMepbi BbinonHeHMS ochobhux onepai^nR 
3aflBJifleMoro cnoco6a, pacKpbiTue KOTopux 
no3BonaeT nyniue noHHTb npaKTunecKyio 
peanM3aLJ,Mio cnoco6a. 

OnuoaHne M3o6peTeHMH noacHHeTCfl 
rpa4)MHecKMMM MarepnanaMM. 

<t>w\1 unnKDCTpupyeT pa36neHne 
BbifleneHHoro b cucTeMe paAMOCBA3M nonocbi 

nacTOT Ha nacTOTHbie KaHanu, rfle f 1 , f 2 f M - 

i^eHTpanbHbie nacTOTbi nacTOTHbix KaHa/ioB. 

Ha cpur. 2 npuBefleH npniwep 
pacnpefleneHMfi MHCpopMaiiMOHHbix m 
nunoT-cMMBoxioB no nacTOTHbiM KaHanaM. 

<t>nr.3 MJ¥uocTpnpyeT npuwiep peanM3aLJ,MM 
3aflBJineMoro cnoco6a KorepeHTHoii 
pa3HeceHH0(i nepeAa^M Ha ycTpoficTBax 
nepeflaioineH m npMeMHofl cropoHbi (npMMep 
peann3aunM 3aflBJifieMoro ycTpotfcTBa Ana 
CMCTeMbl OFDM). 

<t>nr. 4 M/i/iKDCTpupyeT npuMep peann3aL<MM 
3a?iBJifieMoro cnoco6a KorepeHTHOfl 
pa3HeceHH0R nepeAaMM Ha ycTpoflCTBax 
nepeflaioii^ePi m npneMHoR CTopoHbi (npniwep 
peann3aLJ,MM 3afianfieMoro yCTpOMCTBa flnfl 
CMCTeMbl CDMA). 

Ha cpnr.5 noKa3aH 6noK npeflbicKa>KeHMfl 
MHCpopMai^MOHHoro cnmaria Ana CMCTeMbl 
CDMA. 

Ha cpur. 6, no3MU,MH "a", noKa3aH cnyMafl, 
Korfla 3HaneHMfi nepeAaTOHHbix cpyHKLi,MM flByx 
KaHanoB pa3HeceHMH, cooTBeTCTBytomne 
oAMHaKOBOi^ HacTcre, pacnono>KeHbi b oahom 
nojiynnocKOCTH Ha nnocKOCTM KOMnneKCHoro 
nepeMeHHoro; no3ni^nn "6" - cJiy^afi, KorAa 
3HaHeHHfi nepeAaTOHHbix cpyHKLi,MM Asyx 
KaHanoB pa3HeceHMfi, cooTBeTCTByioiAne 

/0 OAMHaraBo^ nacTOTe, pacnono>KeHbi b pa3Hbix 

_ nonynnocKocTHx Ha nnocKocTM KOMnneKCHoro 

^ nepeMeHHoro. 

ycTpoCicTBa nepeAawmefl n npneMHOfi 
CTopoHbi (t{)Mr.3) coAepaoT: 

IO Ha nepeAaiomefi cTopoHe: M ^acTOTHbix 

KaHanoB 1 1-1 M , reHepaTop noAHecyui,MX nacTOT 
2, nepBbiH 3 m btopom 4 cyMMaropbi, 6noK 

y> KoppeK^in 5, ABe nepeAaiomne aHTeHHbi 
6 i-6 2 m ABe npneMHbie aHTeHHbi 7i-72, nepBbie 

BXOAbl HaCTOTHblX KaHajlOB 1 1-1 M HBnfllOTCfl 

q MHCpopMai^noHHbiMM BXOAaMM m o6pa3yioT 

BXOAbl yCTpOMCTBa, BTOpbie MX BXOAbl 
tO COeAMHeHbl C COOTBeTCTByiOlUMMM MM BblXOAaMU 

reHeparopa noAHecymux nacTOT 2, nepBbie 

BblXOAbl MaCTOTHblX KaHanoB li-1 M COeAMHeHbl c 
COOTBeTCTByKHAMMM MM nepBbIMM BXOAaMM 

nepBoro 3 cyMMaTopa, BTopbie BbixoAbi 
nacTOTHbix KaHanoB l r 1 M coeAMHeHbi c 

COOTBeTCTByiOlAMMM MM BTOpbIMM BXOAaMM 

BToporo cyMMaTopa 4, BbixoAbi nepBoro 3 m 
BToporo 4 cyMMaTopoB coeAMHeHbi 

COOTBOTCTBeHHO c nepBOM 61 M BTOpOM 

6 2 nepeAaioiAMMM aHTeHHaMM, nepBaa 7 1 m 
BTopaa 7 2 npMeMHbie aHTeHHbi coeAMHeHbi 

COOTBeTCTBeHHO C nepBbIM M BTOpbIM BXOAaMM 

6noKa KoppeKi^MM 5, BbixoAbi KOToporo 

COeAMHeHbl C TpeTbMMM BXOAaMM M MaCTOTHblX 



KaHanoB l r 1 M ; Kax<AbiCi nacTOTHbiM KaHan 
coAepxMT nepBbIM 8, BTopoil 9 m TpeTMM 10 
nepeMHO>KMTeriM, nepBbie BXOAbl nepBoro 8 m 
BToporo 9 nepeMHO>KMTeneM 06-beAMHeHbi, 
o6pa3yn nepBbIM bxoa nacTOTHoro KaHana, 
BTopue BXOAbl nepBoro 8 m BToporo 9 
nepeMHOKHTenePi 06-beAHHeHbi, o6pa3ya BTopoti 
bxoa HacTOTHoro KaHana, buxoa nepBoro 8 
nepeMHo>KMTejifi o6pa3yeT nepBbiM BbixoA 
nacTOTHoro KaHana, bhxoa BToporo 

10 nepeMHO)KMTenfl 9 coeAMHeH c nepBbiM bxoaom 
TpeTbero nepeMHO>KMTenfl 10, BTopoil bxoa 
KOToporo o6pa3yeT TpeTMM bxoa nacTOTHoro 
KaHana, bwxoa TpeTbero nepeMHo>KMTenfl 10 
mmeicn BTopbiM bnxoaom nacTOTHoro KaHana; 
Ha npMeMHOM crapoHe: npMeMHyio aHTeHHy 

15 11, AeMOAynaTop 12, 6tiok oi^eHKM 13, 6noK 
o6paTHOM CB513M 14 m nepeAaiomyio aHTeHHy 15, 
npMeMHaa aHTeHHa 11 coeAMHeHa c nepBbiM 
bxoaom AeMOAynjiTopa 12 m bxoaom 6noKa 
oi^eHKM 13, nepBbiM bwxoa 6noKa oi^eHKM 13 
coeAMHeH co BTopbiM bxoaom AeMOAyn^Topa 

20 12, bwxoa KOToporo flBnaeTCJi BbixOAOM 

yCTpOMCTBa, BTOpOM BblXOA 6nOKa OL^eHKM 13 

coeAMHeH co bxoaom 6noKa o6paTHOM cbh3m 14, 
bhxoa KOToporo coeAMHeH c nepeAaioiAefi 

aHTeHHOM 15. 

YCTpOMCTBa nepeAaiomeH m npweMHOM 
CTopoHbi (<pv\r.4) coAepxoT: 

Ha nepeAaioiAeM CTopoHe: K BeTBeft 
pa3HeceHH0M nepeAa^M CMmana K 
nonb30BaTeneM 15 r 15 K , xaxmn BeTBb 
pa3HeceHHoti nepeAanM cwrHana nonb30BaTenn 

30 coAep>KMT N 6noKOB npeAbicKa>KeHM5i 
MHc^opMai^MOHHoro CMmana 16H6,,, 
reHeparop nMnoT-CMmanoB 17, N 
cyMMaTopoB 3i-3n, 6noK KoppeKi^MM 5, N 
nepeAaioiAMX aHTeHH 6i-6 N m N npMeMHbix 

3g aHTeHH 7 r 7 N , nepBbie BXOAbl BeTBeW 
pasHeceHHOM nepeAa^M CMmana 

nonb30BaTeneM 15i-15 K ^BnflioTCfl 
MHCpopMaL|MOHHbiMM BxoflaMu m o6pa3yiOT 

BXOAbl yCTpOMCTBa, BTOpbie MX BXOAbl 
COeAMHeHbl C COOTBeTCTByiOIAMMM MM BblXOAaMM 
40 6nOKa KOppeKL^MM 5, BblXOAbl BeTBeM 

pa3HeceHHOM nepeAa^M CMrHana 

nonb30BaTeneM 15 r 15 K coeAMHeHbi c 

COOTBeTCTByiOIAMMM MM nepBbIMM BXOAaMM N 

cyMMaTopoB 3 r 3 N , BTopbie bxoaw cyMMaTopoB 

45 3 r 3 N COeAMHeHbl C COOTBeTCTByiOlAMMM MM 

BbixoAaMM reHeparopa nMnoT-CMrHanoB 17, 
BbixoA Ka)KAoro cyMMaTopa 3 r 3 N coeAMHeH co 
bxoaom cooTBeTCTByioineM eMy nepeAaioiAeH 
aHTeHHbi 6 r 6 N , npMeMHbie aHTeHHbi 
7 r7 N coeAMHeHbi co BXOAaMM 6noKa KoppeKL^MM 



npMHeM nepBbie bxoah 6noKOB 
npeAbicKaxeHMfi MHt^opMai^MOHHoro CMrHana 
1 6 1-1 6n b Ka)KAOM BeTBM pa3HeceHHOM 
nepeAa^M CMrHana nonb30BaTenn oSteAMHeHbi, 
55 o6pa3yn nepsbiCi bxoa stom BeTBM, Bropue 
BXOAbl 6noKOB npeAbicKaweHMfl 
MH^opMai^MOHHoro CMmana 16i-16n o6pa3yioT 

BTOpbie BXOAbl B Ka>KAOM BeTBM, a BblXOAbl 

6noKOB npeAbicKa)KeHMn MHCpopMa^MOHHO^o 
CMmana 16 r 16 N sBnaiOTCfl BbixoAaMM 
60 cooTBeTCTByioiAMX BeTBeM pa3HeceHHofi 
nepeAa^M CMmana nonb30BaTenfl, 

Ha npMeMHOM cropoHe: npMeMHyio aHTeHHy 
11, AeMOAynarop 12, 6noK oi^eHKM 13, 6noK 
oGpaTHOM CBA3M 14 m nepeAaioiAyio aHTeHHy 15, 
npMeMHaa aHTeHHa 11 coeAMHeHa c nepBbiM 
bxoaom AeMOAynnropa 12 m bxoaom 6noKa 
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oi^eHKM 13, nepBbiM Bbixofl 6noKa oi^eHKM 13 
coeflMHeH co BTopbiM bxoaom fleMOflynaTopa 

12, BblXOA KOTOpOTO HBnfleTCH BblXOflOM 

ycTpoRdBa, BTopoii Bbixofl 6noKa Clemen 13 
coeflMHeH co bxoaom 6no«a oopaTHOM cbh3M 14, 
Bbixofl KOToporo coeflMHeH c nepeflatoinefi 
aHTeHHo^ 15. 

Ha cpMr.5 npMBefleH npMMep BbinonHeHMn 
6noKa npeflbicKa>KeHMH MHCpopiviai^MOHHoro 
CMrHana 16, KOTopbiM coflep>KMT M cpMnbTpoB 
1 8 1-1 8 M , M nepeMHO>KMTeneM 19i-19 M m 
cyMMarop 20, npMHeM Bxoflbi M cpMnbTpoB 
o6"beflMHeHbi 18i-18„, o6pa3ya Bxofl 6noKa 
npeflbiCKa>KeHMfi MHd;opMau,MOHHoro CMmana 16, 
Bbixofl Ka>Kfloro cpMnbTpa 18i-18 M coeflMHeH c 
nepBbiM BxoflOM cooTBeTCTByiomero eMy 
nepeMHOKMTena 19 r 1 9 H , Ha BTopwe Bxoflbi 
nepeMHO)KMTeneM 19i-19 H nocTynaioT 3HaneHMfl 
nepeflaTOHHOM cpyHKU,MM 6/ioKa npeflbicKcDKeHMH 
MHO>opMai^MOHHoro CMma/ia, cooTBeTCTByKDiflMe 

L|eHTpajlbHblM HaCT0T3M CpMflbTpOB, BblXOflbl M 

nepeMHO>KMTejieM 19i-19 M coeflMHeHbi c 
cooTBeTCTBymu^MMM mm BxoflaMM cyMMaTopa 20, 
Bbixofl KOToporo sianfleTCH BbixoflOM 6noKa 
npeflbiCKa>KeHM?i MHd;opMau,MoHHoro CMrHana 16. 

PaccMOTpMM npMMepu pea^M3ai^MM 
3aflBJineMoro M3o6peTeHMa b cMdeMax cbh3m, 
Mcnonb3yK3iflMx OFDM [6, Richard van Nee, 
Ramjee Prasad. OFDM for wireless Multimedia 
Communications] npMHi^Mn pa3fleneHMsi KaHanoB 
m b CMCTeMax CDMA. 

BHanane paccMOTpMM npMMeHeHMe 
3aaBneHHoro M3o6peTeHMfi b CMCTeMax c OFDM. 
CMCTeMe paflM0CB«3M MHo)KecTBeHHoro flocTyna, 
BKnKjHaroifleM no KpaMHeCi Mepe oflHy BC m oflMH 
a6oHeHTCKMPi TepMMHan (AT), BbifleneHa nonoca 
nacTOT ujmpmho^ F. BbifleneHHyio nonocy MacToT 
pa36MBaioT Ha M nacTOTHbix nonoc TaK, KaK, 

HanpuMep, noKa3aHO Ha cpMr.1 , rfle fi, f2 fM - 

u,eHTpajibHbie HacTOTbi nacTOTHbix nojioc. KaK 
BMflHO M3 dpMr.1, MacTOTHbie nonocbi 
nepeceKaioTCH, hto o6ecneMMBaeT 
sdpdpeiaMBHoe Mcnonb30BaHMe BbifleneHHOfl 
nonocbi MacTOT. 

Ha BC dpopMMpyeTca noTOK 

MHdpopMai^MOHHblX CMMBOnOB, KOTOpbIM 

TpebyeTCH nepeflaTb aooHeHTCKMM TepMMHanaM . 

ripM 3TOM J1M60 BeCb MHCpOpMaU,MOHHblM nOTOK 

Mo>KeT nepeflaBaTbca Ka>KflOM aooHeHTCKOM 

CTaHL\MM, J1M60 pa3JlMHHbie H3CTM noTOKa MoryT 

nepeflaBaTbcn pa3jiMHHbiM aooHeHTCKMM 
TepMMHanaM. nepeflaBaeMbie cMMBonbi b 
o6iu,eM cny^ae HBnaioTCfl KOMnneKCHbiMM, hto 
cooTBeTCTByeT KBaflpaTypHbiM BMflaM 
MOflynnL^MM. 

B Te^eHMe flnMrejibHOCTM oflHoro CMMBona T 
nepe3 M ^acTOTHbix nonoc oflHOBpeMeHHO 
MO>KeT nepeflaBaTbca M cMMBonoB (4acraTHbie 
KaHanu I -|- 1 M Ha cpMr.3). flnMTenbHocTb CMMBona 
m LUMpMHa nacTOTHOM nonocbi flOn>KHbl 
yflOBneTBopHTb ycnoBMK) 

■■Sr «> 

rfle A f = f M -fi;i=1,2, 3, ...M-1;keZ. 

B 3tom cny^ae npM npMeMe CMMBonoB 6yflyT 
oTcyTCTBOBaTb B3anMHbie noMexM Mewsy hmmm. 

flna opraHM3aL^MM pa3HeceHMJi b npaMOM 
KaHane Ha nepeflaioifleM cropoHe dpopMMpyeTcn 
N KaHanoB pa3HeceHMR KaHanu pa3HeceHMH 
MoryT, HanpMMep, 6biTb cdpopMMpoBaHbi 
nocpeflCTBOM opraHM3au,MM nepefla^M CMmana 
nepe3 N pa3HeceHHbix nepeflaroiflMx aHTeHH. 

ripM 3T0M MO>KHO MCnOnb30BaTb 

npocTpaHCTBeHHo pa3HeceHHbie aHTeHHbi MnM 



ameHHbi c pa3H0M nonHpM3auMeM. flna npMMepa 
nono>KMM N=2. B 3aHBnaeMOM M3o6peTeHMM 
ocyi^ecTanneTCfl KorepeHTHaa nepeflana 
MHCpopMaL|MOHHOro CMmana nepe3 N KaHanoB 
pa3HeceHMfl (6 1-62 Ha a>Mr.3). flnfl 
ocyiflecTBneHMfl KorepeHTHOM nepeflanM Ha 
nepeflaioifleM cropoHe Tpe6yeTCH 3HaTb 
nepeflaTOHHbie dpyHKu,MM KaHanoB pa3HeceHMH. 
B CMCTeMax cbh3M c nacTOTHbiM flynneKcoM 
onema yKa3aHHbix nepeflaronHbix cpyHKi^MM 

B03MO>KHa TOnbKO Ha npMeMHOM CTOpOHe. B 

3a?iBn5ieMOM M3o6peTeHMM 3Ta oi^eHKa 
dpopMMpyeTcn Ha npMeMHOM cropoHe (Ha 
aooHeHTCKOM TepMMHane) c Mcnonb30BaHMeM 
opToroHanbHbix nMnoT-CMmanoB, 
nepeflaaaeMbix nepe3 pasnMHHbie KaHanbi 
pa3HeceHMH, m 3aTeM nepeflaeTcn Ha 
nepeflaiomyio CTopoHy (BC). 

Ha nepeflaiou^eM cTopoHe ocyiMecTBnfleTCJi 
npeflbic<a)KeHMe MHcpopM3L|MOHHoro CMrHana 
nocpeflCTBOM cpa30Bofl MnM 

aMnnMTyflHo-d;a30BOM KoppeKi4MM 
MHdpopMau,MOHHoro CMrHana b nacTOTHbix 
KaHanax 1 1-1 M b oahom M3 KaHanoB pa3HeceHMJi 

(HanpMMep, BO BTOpOM) T3KMM 06pa30M, HT06bl 

MaKCMMM3MpoBaTb oTHoujeHMe cMrHan-noMexa 
Ha npMeMHOM CTopoHe. 

B paccMaTpMBaeMOM npMMepe peanM3au,Mn 
M3o6peTeHM5i nMnoT-CMmanbi peanM3yioTcfl 
nocpeflCTBOM nepefla^M nMnoT-CMMBonoB b 
nacTM nacTOTHbix nonoc. ripMHeM nonoBMHa 
nMnoT-CMMBonoB nepeflaeTcn 4epe3 nepBbiM 
KaHan pa3HeceHM5i, a BTopaa nonoBMHa - 4epe3 
btodom KaHan pa3HeceHMH. 

Ha npMeMHOM CTopoHe HenocpeflCTBeHHan 
oneHKa nepeflaTOHHbix cpyHKL^MM KaHanoB 
pa3HeceHMH MO>KeT 6biTb ocymecTBneHa TonbKO 
b Tex nacTOTHbix nonocax, no KOTopbiM 
nepeflaioTcn nMnoT-cMMBonu cooTBeTCTByioinMx 
KaHanoB pa3HeceHMH, OL^eHKa nenMKOM 
nepeflaronHbix dpyHKL^MM 060MX KaHanoB 
pa3HeceHna MOAneT 6biTb nonyneHa 
nocpeflCTBOM MHTepnonni^MM y<a3aHHbix npnMbix 
ou,eHOK, HanpMMep, c noMoiqbio MeTOfla 
rayccoBCKOM MHTepnonni^MM, npMMep 
Mcnonb30BaHMF KOToporo npMBeflen b [7, S. 
Sampei and T. Sunaga, "Rayleigh fading 
compensation for QAM in land mobile radio 
communications, " IEEE Trans. Veh. TechnoL, 
vol. 42, pp. 137-146, May 1993] . B stom 

CBA3M nMnOT-CMMBOnbl flOn)KHbl 6blTb 

paBHOMepHO pacnpefleneHbi b BbifleneHHOM 
nonoce nacTOT c MHTepBanoM, KOTopud 
no3BonaeT ocyiqecTBnHTb MHTepnonni^Mio 
npnMbix oi^eHOK Ha npueMHOfl cropoHe. npMMep 
pacnpefleneHMH MHdpopMau,MOHHbix m 
nMnoT-CMMBonoB no nacTOTHbiM KaHanaM 
noKa3an Ha daMr.2. 

PaccMOTpMM npMMep o6pa6oTKM 
nepeflaHHoro CMmana Ha npMeMHOM CTopoHe 
(dpMr.3). 

Ha30BeM rpynnoBbiM CMMBonoM M 
CMMBonoB , KOTopbie OflHOBpeMeHHO nepeflaioTCH 
nepe3 M nacTOTHbix nonoc, m o6o3H3hmm ero a. 
HacTb CMMBonoB rpynnoBoro CMMBona ABnHioTCH 

HHdpOpMaU,MOHHblMM CMMBOnaMM, OCTanbHbie 

cMMBonbi HBnaioTcfi nMnoT-CMMBonaMM nepBoro 
m BToporo KaHanoB pa3HeceHMa. 
HHdpopMai^MOHHyio m nMnoTHbie nacTM 
rpynnoBoro CMMBona o6o3HaHMM KaK a dl 
a p i m a p2 cooTBeTCTBeHHo (a d , api, a^ea). 

nocne npeo6pa30BaHMfl BxoflHoro CMrHana 
Ha HM3Kyio nacTOTy bxoahom KBaflpaTypHbiM 
(KOMnneKcHbiM) CMman Ha MHTepBane 
flnMTenbHOCTM OflHoro rpynnoBoro cm m Bona 



O) 

o 

CM 
O) 



o 

00 



([0;T]) MMeeT cneflyicm.MM BMfl: 

x(t) = J A.e X a.e * +n(t), CZ) 
i=l * 1 

rfle A,, 9, - aMnnMTyfla m cpa3a curHana b 
i-OM nacTOTHofi nonoce; _ noiwexa, 

HanpuMep, aflqMTHBHbifl 6enbiM rayccxjBCKMCi 
ujyM c ABycTopoHHefl cneKTpanbHofl 
nnoTHOCTbio moiuhoctm No/2; • _ CMMBon, 

nepemaBaeMbiti b i-ofl nacTOTHOM nonoce. 

Ha npneMHoR CTopoHe ocymecTBnfleTCH 
pa3AeneHMe BXOflHoro curHana Ha CMmanu 
paanMHHbix nacTOTHbix nonoc. B pe3ynbTaTe 
cpopMMpyeTCH M 



Be/IMHMH • KaKAafl M3 KOTOpblX COflep>KMT 
MHCjJopMaL^WO TOflbKO 06 OflHOM CMMBOfie 

(KOTopbiM nepeflaBancs b cooTBeTCTBytomeM 
nacTOTHOM nonoce) 



BHyTpeHHHH CTpyioypa pewaioiflMX BennnnH, 
cooTBeTCTByiomMX nepeAaHHbiM 

MHCpopMaL^MOHHblM CMMBonaM, MMeeT BMfl 
^ J " ZJL 4a j4Mli j*. " 

rfle An, 9^ - aMnnMTyfla m o>a3a cMmana, 
npMUJefliuero b TOHKy npMeiwa nepe3 nepBbiM 
KaHan pa3HeceHM« (ot nepBOM nepeflaioifleM 
aHTeHHbi), B i-OM MacTOTHOM nonoce; Aa, 92 " 
aMnnMTyfla m <paza CMrHana, npMiueflUjero b 
TOHKy npneiwa nepe3 BTopoii KaHan pa3HeceHMH 
(0T BTopoCi nepeflaiomeM aHTeHHbi), b i-oPi 
nacTOTHOM nonoce; jA«p. 



BeCOBOM KOSCpCpML^eHT, KoppeKTupyioLUMM cpa3y 
m aMnnnTyny cumajia, nepeflaBaeiworo Mepe3 
BTopyio aHTeHHy, b i-oM nacTOTHOM nonoce; 

BHyTpeHHHH CTpyioypa peujaiomMX BenuMMH, 
cooTBeTCTByiOLUMX nepeflaHHbiM 
nMnoT-CMMBonaM nepBoro KaHana pa3HeceHMfi, 



BHyTpeHHfiyi CTpyioypa pewaiomMX BennnnH, 
cooTBeTCTByioiMMX nMnoT-CMMBonaM BToporo 
KaHana pa3HeceHM5i, MMeeT bma 



i = 1,M. 

Ha npMeMHoCi CTopoHe ocymecTBnHeTcn 
oi^eHKa nepeflaTOHHbix cfiyHKi^MM nepBoro m 
BToporo KaHanoB pa3HeceHMn. flna 3Toro 
CHanana cpopMMpyiOTcn npnMbie OL\eHKM 
nepeflaTOHHbix cpyHKiiMM b Tex nacTOTHbix 
nonocax, no KOTopbiM nepeflaBanMCb 
nMnoT-cMMBonbi cooTBeTCTByiomMX KaHanoB 
pa3HeceHM?i (BbipaxeHMa (5) m (6)). 3aTeM 
nocpeflCTBOM MHTepnonnL^MM nonyneHHbix 
npjiMbix OL\eHOK qtiopMMpyeTcn oijeHKa BcePi 
nepeflaTOHHoPi cpyHK 4 MM Ka>Kfloro KaHana 
pa3HeceHMH. B pe3ynbTaTe aMroiMTyflbi m cfca3bi 



CMrHanoB b nacTOTHbix nonocax An, <p Vl m 

A 2, 92i fBnfllOTCS M3BeCTHblMM. 

Ha nepeflaiomyio cropoHy no oopaTHOMy 
KaHany nepeflaiOTCH 3HaneHMH K030>cpMi(MeHTOB, 
ncnonb3yeMbix ana KoppeiqMM cpa3bi A 9j m 
aMnnnTyflbi A Aj MHCpopMaL^MOHHoro CMmana 
(npeflbicKaxceHMfi MHCpopMaL^MOHHoro CMmana) b 
pa3nnHHbix nacTOTHbix nonocax bo btopom 
aHTeHHe (cm. cpMr.2). B o6iueM cnynae stm 

K03t})*HUMeHTbl paBHbl 
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TaKMM o6pa30M, 4 enb $a30BOM KoppeKi^MM 
MHQ^opMaL^MOHHoro CMrHana, nepeflaBaeMoro 
nepe3 BTopyio aHTeHHy, 3aiuiioHaeTCfl b 
ooecneneHMM KorepeHTHoro cyMMMpoBaHM^ 
MH^opMaL^MOHHoro CMmana, npMUJefliuero no 
AByM KaHanaM pa3HeceHMn, b TOHKe npMeMa. 
AMnnMTyflHan KoppeK 4 MH ooecnenMBaeT 
nepeflany 6onbLueR nacTM SHeprMM 
MHcpopMai^MOHHoro CMrHana no KaHany 
pa3HeceHMH c MeHbiuMM 3aTyxaHMeM CMmana m 
MeHbiueM nacTM no KaHany pa3HeceHMn c 
6onbiuMM 3aTyxaHMeM CMrHana. B pe3ynbTaTe 
yi<a3aHH0M aMnnMTyflHO-cpa3OB0M KoppeKL^MM 

MaKCMMM3MpyeTCfl OTHOLLieHMe CMTHan-LLiyM Ha 

Bxofle npMeMHMKa. 

3aMeTMM, hto He o6fl3aTenbHO nepeflaBaTb 
3HaneHMe KoppeKTMpyioiflero K03CpQ^ML|MeHTa 
Ana Ka>KflOM nacTOTHOM nonocbi. 3to 3Ha4eHMe 
Mo>KeT 6biTb nepeflaHo TonbKo flnn nacTM 
MacTOTHbix nonoc, a KoppeKTMpyioiMMe 

K03CpCpML|MeHTbl flHH OCTanbHblX MaCTOTHblX 

nonoc MoryT 6biTb nonyMeHbi nocpeflCTBOM 

MHTepnoflRL(MM MMeK)lflMXC« KO3(})43ML(MeHT0B. 

0146HKM MHO>OpMai4MOHHblX CMMBOnOB Ha 
npMeMHOM CTOpOHe 0>OpMMpyiOTCJl B 
COOTBeTCTBMM C BblpajKeHMeM 



rfle Kc»> - pemaioiflee npaBMno, b 
cooTBeTCTBMM c KOTopbiM no peiuaiomeM 
CTaTMCTMKe (apryMeHTy) BbiHocMTcn peiueHMe b 
nonb3y toto MnM MHoro nepeflaHHoro CMMBona, 
npMHaflneJKai^ero anqtiaBMTy CMMBonoB n Ha 
nepeflaiomeii CTopoHe (HanpMMep, flna 

flBOMHHOM Cpa3OB0M MaHMnynflUMM 

aHanM3MpyeTcn TonbKo 3HaK peiuaiomeM 

CT3TMCTMKM). 

PaccMOTpMM flpyroM npMMep peanM3aL^MM 
3anBnneMoro M3o6peTeHna npMMeHMTenbHO k 
CMCTeMaM CBA3M c KOfloBbiM pa3fleneHMeM 
KaHanoB (CDMA). CooTBeTCTByiomafl 
CTpyioypHaa cxeMa 3anBnneMoro M3o6peTeHMfi 
noKa3aHa Ha cpMr.4. B CMCTeMax CDMA Bee 
nonb30BaTenM oflHOBpeMeHHo Mcnonb3yioT oflHy 
m Ty xe nonocy nacTOT flna nepeflanM 
MHCpopMaL|MM . Pa3fleneHMe cMmanoB 
nonb30BaTeneM Ha npMeMHofi CTopoHe 
ocyw,ecTBnfleTCfl 3a cneT Toro, hto yKa3aHHbie 
CMmanw npeflCTaBnaioT co6om 
43aaoMaHMnynMpoBaHHbie KOflOBbie 
nocneflOBaTenbHocTM, MMeioiflMe HM3Kyio 
B3aMMHyio KoppennL^Mio. B KanecTBe npMeMHMKa 
ncnonb3yeTCfl KoppenaTop, BbiHMcnfiioiflMM 
KoppennuiMio BXOflHoro CMmana, b kotopom 
npucyTCTByioT CMrHanbi Bcex OflHOBpeMeHHo 



o 



to 



pa6oTaKDinnx nonb30BaTejieR, m CMma/ia 
nonb30BaTen$i. B pesynwaTe onman 
npMHMMaeMoro nonb30BaTena ycunnBaeTCfl 
KoppejisiTopoM b 3HaHMTenbHO 6ojibUjeM 
CTeneHU, Meiw CMrHanw ocTa/ibHbix 
nonb30BaTeneR. llpflMOM KaHan CMcreM CDMA 

HBJWeTCfl CMHXpOHHbIM (HaHajlO KOflOBblX 

nocneflOBaTejibHOCTeH Bcex nonb30BaTenefl 

BbipOBHeHO), MTO n03BO/lfleT MCnOHb30BaTb PflK 

pa3flejieHM$i nonb30BaTene£i opToroHanbHbie 
KOflOBbie nocneflOBaTenbHocTM, 
npoM3BefleHHbie, HanpMMep, M3 aHcaM6nfl 
opToroHanbHbix koaob yonwa. 

MacTb CMmanoB, nepeflaBaeMbix no 
npjiMOMy KaHany, HBnaioTCfl cny>Ke6HbiMM m 
OTHOCflTCfl ko BceM nonb30BaTen$iM. llpMMepoM 
cny>Ke6Horo curHana flBiweTcfi nMnoT-CMman, 
KOTopbiR ncnonb3yeTCJi, b nacTHOCTM, Ana 
0L\eHKM napaivieTpoB (nacTOTbi, BpeMeHHoro 
nono>KeHMf), KOMnneKCHoti orn6aK)ineR) 
npMHMMaeMoro CMmana. 

B 3a$iBnfleMOM M3o6peTeHMM nepeAa^a 
CMma/ia Ka»<noro nonb30BaTena npoM3BOAMTcn 
oflHOBpeMeHHO nepe3 N KaHanoB pa3HeceHMH, 
HanpMMep, nepe3 N pa3HeceHHbix nepeAaioiAMx 
aHTeHH (6i-6 N ). llosTOMy rannn 
MHCpopMauMOHHoro CMrHana pacnpocTpaHfliOTCfl 
nepe3 N pa3JiM4Hbix KaHanoB pa3HeceHM«, 
npejxne neM npuflTM b TOHKy npneMa m 

06pa30BaTb CyMMapHbIM MHCpOpMaU,MOHHblM 

CMman. Ana toto mto6u o6ecne4MTb Ha Bxofle 
npMeMHMKa 6nn3Koe k onTMManbHOMy cno>KeHMe 
KonuM MHcpopMamiOHHoro CMrHana, npoweflwux 
no pa3nn4HbiM KaHanaM pa3HeceHMH, Ha 
nepeAawmePi cropoHe TpeoyeTCH MMeTb ou,eHKM 
yKa3aHHbix KaHanoB pa3HeceHMfl. B 3aflBJifleM0M 

M306peTeHMM 3TM OL^eHKM CpopMMpyiOTCfl Ha 

npMeMHoPi CTopoHe m 3aTeM nepeAaioTCH Ha 
nepeAaKJinyra cropoHy. flnfi toto 4To6bi 
Tpe6yeMbie ou,eHKM MorriM 6biTb ccpopMnpoeaHbi 
Ha npMeMHOM CTopoHe ^epe3 Ka>KAbiM KaHan 
pa3HeceHMfl flonaceH nepeflaBaTbcn 
opToroHanbHbiM nMiioT-cuman. 

TaKMM o6pa30M, b 3aHBJweM0M 
M3o6peTeHMM Ha nepeflarameCi CTopoHe 
4>opMMpyK)TCfl N opToroHanbHbix 
nmioT-CMrHanoB (b 6noKe 17) cooTBeTCTBeHHO 
MMcny KaHanoB pa3HeceHHH. flna stoto b 
CMCTSMe CDMA M3 aHcaMO/ifl KOAOBbix 
nocjieflOBaTenbHocTeM, Ha3HanaeMbix 
pa3nMHHbiM KaHanaM nepeflanM, flonwHO 6biTb 
BbiAeneHO N KOAOBbix nocneflOBaTenbHOCTefi 
noA nMnoT-CMrHanbi N KaHanoB pa3HeceHMfl. 
KonMHecTBo opraroHanbHbix koaobux 
nocneAOBaTenbHocTeM 38maHH0M AfiMHbi Q Ha 
EC orpaHMHeHO. 06bWHO, MO>KeT 6biTb 
ccpopMMpoBaHO TonbKO Q opToroHanbHbix 
koaobux nocneAOBaTenbHOCTeM AfiMHbi Q. 
flnMHa koaobom nocneflOBaTenbHocTM BnMaeT Ha 
CKopocTb nepeAa^M MHdpopMauMM c 
Mcnonb30BaHMeM stom nocneAOBaienbHocTM. B 
o6meM cny^ae, neM Kopo^e KOAOBaa 
nocneAOBaTenbHocTb, TeM c oonbiueM 
cKopocTbKD Mo>KeT nepeAaBaTbca MH$opMau.MH m 
Hao6opoT. noaTOMy Ha BC KopoTKMe 
opToroHanbHbie nocneAOBaTenbHOCTM flBnaioTCfl 

AeCpMl^MTHblMM no cpaBHeHMK) C AHMHHblMM. 

MTo6bi He CHM)KaTb crapocTM nepeAa^M AaHHbix 
b npflMOM KaHane b KanecTBe nMnoT-CMrHanoB, 

MO>KHO MCnonb30BaTb AHMHHbie KOAOBbie 

nocneAOBaTenbHocTM. EAMHOTBeHHbiM 
orpaHMMeHMeM Ha AnMHy 
nocneAOBaTenbHocTM b a3hhom cnynae 
ABn^eTCfl Tpe6oBaHMe CTaL|MOHapHOCTM KaHana 
pacnpocTpaHeHMji b TeMeHMe MHTepBana 



OpTOroHanbHOCTM. 

B cnynae, KorAa opToroHanbHbix 
nocneflOBaTenbHOCTeM HeflOCTaTOHHO, ppn 
pacaiMpeHMJi aHcaM6nn cMmanoB mop/t 
Mcnonb30BaTbc$i KBa3MopToroHanbHbie 
nocneflOBaTenbHocTM, KaK 3to npeflycMOTpeHO b 
HeKOTopbix coBpeMeHHbix CTaHflapTax cbsi3m 
CDMA [8, 3GPP2 C. S0002-A Physical Layer 
Standard for cdma 2000 Spred Spectrum 
Systems, June, 2000], KBa3MopToroHanbHbie 
nocneflOBaTenbHocTM MMeioT HeHyneByKD, ho 

AOCT3TOH HO HM3KytO B3aMMHyiO KOppenflL|MK) M 

npM 3TOM o6naAaiOT 3HaHMTenbHO 6onbUJMM 
pa3MepoM aHcaM6n$i, neM opToroHanbHbie 
nocneflOBaTenbHocTM. 

no nepeflaHHbiM nMnoT-CMTHanaM Ha 

npMeMHOM CTOpOHe CpopMMpyiOTCfl OL\eHKM 

nepeflaroHHbix cpyHKL^MR cooTBeTCTByioiUMX 
KaHanoB pa3HeceHnn (6noK OL\eHKM 13). 
yKa3aHHan oueHKa MO)«eT 6biTb ocyu^ecTBneHa c 

MCnOnb30BaHMeM M3BeCTHblX MeTOflOB. 

HanpMMep, MoryT 6biTb CHanana OL^eHeHbi 
MMnynbCHbie xapaicrepMCTMKM KaHanoB 
pa3HeceHMH [9, A. Hewitt, W. Lau, J. Austin, 
and E. Wilar, "An autoregressive approach to 
the identification of multipath ray 
parameters from field measurements, " IEEE 
Trans, on Comm., vol.37, pp. 1136-1143, Nov. 
1989], [10, J. Ehrenberg, T. Ewart, and R. 
Morris, "Signal processing techniques for 
resolving individual pulses in a multipath 
signal," J. Acoust. Soc. Amer., vol. 63, pp. 
1861-1865, Jun. 1978], [11, Zoran kostic, M. 
Ibrahim Sezan, and Edward L. Titlebaum, 
"Estimation of the parameters of a multipath 
channel using set-theoritic deconvolution," 
IEEE Trans, on Comm., vol. 40, No. 6, June 
1992]. nepeflaTo^Hbie cpyHKi^MM 3aTeM MoryT 
6biTb nony^enw nocpeflCTBOM BbHMcneHMfi 
o6paTHoro npeo6pa30BaHMfl <J>ypbe ot oueHOK 
MMnynbCHbix xapaiaepMCTMK. 

Pe3ynbTaTbi oueHKM nepeflaTOHHbix ctpyHKL^MM 
KaHanoB pa3HeceHMH 3aTeM nepeflaioTcn Ha 
nepeflaioiMyio CTopoHy (6noK 14). 

PaccMOTpuM Tenepb npMMep raro, KaK 
nony^eHHaa MHCpopMai^Mfl MOJKeT 6biTb 
Mcnonb30BaHa Ha nepenaioineM CTopoHe Ana 
ynyHLueHMfl KanecTBa npMeMa b npaMOM KaHane. 

Ha nepeAaromeM CTopoHe cpopMMpyioT N 
6noKOB npeAbicica)KeHMa MHCpopMamioHHoro 
CMrHana (16 r 16 N ) cooTBeTCTBeHHO HMcny 
KaHanoB pa3HeceHMR B Ka«AOM 6noKe 
npeAbicKa>KeHMfl MHo>opMai^MOHHoro CMrHana 
(16 1-1 6n) bhochtch npeAbiCKa)KeHMfi b cneicrp 
MHcpopMai^MOHHoro CMrHana, nepeAaBaeMoro 
4epe3 cooTBeTCTByioiUMR KaHan pa3HeceHMH 

TaKMM 06pa3OM, 4T06bl MaKCMMM3MpOB3Tb 

KanecTBo npneMa b np^MoM KaHane. 

flnfl noHMMaHMJi xapaiaepa npeAbicKa>KeHMM, 
bhocmmux b cneicrp MHcpopMai^MOHHoro CMmana 
b Ka>KflOM 6noKe npeflbiCKa>KeHMfl 
MHCpopMaL|MOHHoro CMmana, npoaHanM3MpyeM 
CTpyicrypy MHcpopMaL\MOHHoro CMmana Ha Bxofle 
npMewHUKa. CneicrpanbHyio nnoTHOcTb (Cn) 
SKBMBaneHTHoro BMAeonacTOTHoro 
MHCpopMa^MOHHoro CMrHana Ha MHTepBane 

nepeAaHM OAHOro MHd30pM3L|MOH Horo CMMBona 

[0;T] mwkho npeflCTaBMTb b cneAyrcmeM BMAe: 
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x d <r> = S(f> J G i <f)T i <f>, 



- cn MHCpopMaL\MOHHoro CMrHana 



Ha BXOfle npneMHMKa; • (f) - Cn 

nepeAaBaeMoro MHCpopMaL^OHHoro cumana; 
; (f . , _ — - nepeflaTOMHbie cfcymqi™ 
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- cyMMapHan aHeprun MHCfopMai^noHHoro 
cumana nonb30BaTena orpaHnneHa HeKOTopbiM 
3HaHeHMeM E s . 

riocKonbicy HHCfjopMai^MOHHbiR cuman 
npuHMMaeTca Ha cpoHe aflnnTMBHoH noMexn 
(aAAMTHBHOro 6enoro rayccoBCKoro wyMa c 
ABycTopoHHeR cneKTpajibHoR nnoTHocTbto 

MOIUHOCTM No/2), AJW MaKCMMM3aL\MM KanecTBa 

npneiuia Heo6xoflMMO MaKCMMM3npoBaTb 

0TH0LU6HM6 CKiman-wyM (OCLU) Ha BblXOfle 

npneMHMKa. OnTHManbHbiM npneMHMKOM b 
AaHHOM cnynae HBnfleTCH comacoBaHHbiR 
cpKinbTp [4]. 

3anmueM BbipaweHHie Ana OCLU Ha BblXOAe 
cfcmibTpa, comacoBaHHoro c cumanoM (9) 



[ji-l'.-v-H 



rfle - nonoca nacTOT, 
MH4)opMai4MOHHbiM cnmanoM. 

Bbipa)KeHMe (10) npeo6pa3yeTCfl K BUfly 



CornacHo HepaBeHCTBy LUBapi^a 
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(O rfle A - nocTo^HHoe wcno. 

YcnoBue (13) onpeflenaeT nepeflaTOHHbie 

^ CpyHKL(MM 6nOKOB npeflblCKa>KeHHfl 

_ HHcfcopMaL^oHHoro cumana. *M3MHecKMfi CMbicn 
(13) 3aKnio4aeTCfl b cneflyrameM. 

<0 *a30HacTOTHbie xapaicrepucTMKM (<t>HX) 
nepeflaTOHHbix cpyHKi^MM ojiokob 

^ npeflbicKaxeHUfl HHCpopMamiOHHoro cumana 
o6ecneHMBaK)T KorepeHTHoe cno)KeHne 
cneiapanbHbix nnoTHOCTetf MHCpopMaLjHOHHoro 
cumana, nepeflaHHoro nepe3 paannHHbie 

v ' KaHaribi pa3HeceHMfl, Ha BXOfle npneMHUKa. 

AMnnnryflHO-4acTOTHbie xapaKTepucTMKM (A4X) 
6hokob npeflbicKa>KeHM5i HHCpopMaL^MOHHoro 
cumana ooecneHHBaiOT M3/iyHeHne 6onbiuePi 
HacTM aHeprnn MHCpopMaLjMOHHoro cumana Ha 
Tex nacTOTax ero cneKTpa, rfle Koscpcpni^neHT 
nepeflann KaHana pacnpocTpaHeHun 6onbiue, v\ 
MeHbueR HacTM SHeprnn cumana - TaM, rfle 
KoacpcpumieHT nepeflana KaHana 

pacnpocTpaHeHun MeHbiue. 9tmm 



o6ecneHMBaeTca onTMManbHoe ncnonb30BaHne 
3HeprnM nepeflaBaeMoro MHCpopMai^MOHHoro 
cumana. 

TaKMM o6pa30M, sHeprna Ka>Kfloro 
nepeflaBaeMoro MHCpopMaL^OHHoro CMMBona 
E 8 flonxwa 6biTb pacnpefleneHa no cneicrpaM 
KonnCi HHCf)opMai^MOHHoro cumana, 
nepeflaBaeMbiM nepe3 pa3nn4Hbie KaHanbi 
pa3HeceHMfl, nponopL(MOHanbHO AMX 
cooTBeTCTByioiAMX 6noKOB npeflbicKaxeHMH 
MHct>opMai4MOHHoro cumana. 

npn peann3amin 3aflBnaeMoro cnoco6a 
KorepeHTHoR pa3HeceHHo(i nepeflanM BaxcHO 
HaRTH KOMnpoMncc Me>Kfly o6teMOM 
nepeflaBaeMoCi c npneMHOM Ha nepeflaioiflyio 

CTOpOHy KOHTponbHOd MHC)30pMal^MH M 

noMexoycToCiMMBOCTbio pasHeceHHOM nepeflann. 
9tot KOMnpoMMCc o6ycnoBneH TeM, hto, c 
oflHoR CTopoHbi, 4eM 6onee nonHaa 
MHCpopiwannfl o nepeflaTOHHbix cpyHKL^nnx 
KaHanoB pa3HeceHMH flocTynHa Ha nepeflaiomefl 
CTopoHe, TeM Bbiiue noMexoycToCinnBocTb 
3anBneHHoro cnoco6a KorepeHTHOfi 
pa3HeceHHoR nepeflann. C flpyroH CTopoHbi, 
nepeflana 6onbiuoro o6"beMa KOHTponbHofl 
nHcpopMaL|nn cHVDKaeT nponycKHyio 
cnoco6H0CTb o6paTHoro KaHana. TaKMM 

06pa30M, B3>KH0 MMHHMM3MpOBaTb 06l3eM 

nepeflaBaeMoR KomponbHofl MHCpopMaL\MM npn 
coxpaHeHMM BbicoKoro KanecTBa pa3HeceHH0M 
nepeflann cumana. 

B 3TOfl CBA3M B03MO)KHbl pa3nMHHbie 

nacTHbie TexHMHecKne penieHnn b paMKax 
sananeHHoro o6mero cnoco6a KorepeHTHoR 
pa3HeceHHOM nepeflann. 

Ana yMeHbweHMH o6"beMa nepeflaBaeMoCi 
nHCpopMaL|nn mo>kho ncnonb30BaTb cneflyiomnR 
noflxofl. OcymecTBnqeTca flncKpeTM3ai^nfl 
nepeflaTOHHbix cpyHKi^nCi, b pe3yribTaTe KOTopoB 
nepeflaTOHHaa cpyHKi^na Kaworo KaHana 
pa3HeoeHnn 3aMeHneTcn 3KBMBaneHTHbiM 
BeicropoM oToieTOB nepeflaTOHHoCi cpyHKL^nn, 
B3nTbiMM c onpefleneHHbiM MHTepsanoM 



g. = CG. (f i >,G i Cf z > G^t^l. C14> 

rfle g, - Beiaop OTcneTOB nepeflaTonnof^ 
cpyHKi^nn i-ro KaHana pa3HeceHna; • (f) - 

nepeflaTOHHaa cpyHKi^nn i-ro KaHana 
pa3HeceHnn; f ^ - 3HaneHne nacTOTbi, npn 
kotopom 6epeTcn k-bif^ oTcneT nepeflaTOHHoR 
cpyHKL^nn; M - KonnnecTBO oTcneTOB 
nepeflaTOHHofi t^yHKL^nn. 

Bbi6op BennHMHbi nHTepBana 

flMCKpeTM3aL^MM ocyiflecTBnneTcn c yneTOM 
o6bi4Hbix Tpe6oBaHnfi, BbiTeKaHDiflux M3 
TeopeMbi KoTenbHMKOBa [4]. TaKMM o6pa30M, Ha 
nepeflaioiflyio crapoHy flocTaTOHHO nepeflaBaTb 

BeKTOpbl OTCMeTOB nepeflaTOHHbix CpyHKL^MM 
KaHanoB pa3HeceHna g i, ± _ — ^ BMecT0 
caMUX nepeflaTOHHbix cpyHKL^H. 

CymecTBeHHoro CHMJKeHun nepeflaBaeMoro 
06-beMa MHCpopMai^nn mo>kho flo6nTbcn, ecnn 
3aiweTHTb, hto 0MX n AMX nepeflaTOHHbix 
cpyHKijHfl KaHanoB KoppeKHMM cneiapa cumana 
HMeioT caMocToaTenbHoe 3HaneHne. ripn stom 
OMX oco6eHHO 3HannMbi, nocKonbKy BnnnioT Ha 
xapaiaep cyMMnpoBaHun cneiapanbHbix 
nnoTHocTeH none3Horo cumana, nepeflaHHoro 
nepe3 pa3nnHHbie KaHanbi pa3HeceHM5i. 
ynpaBnnn TonbKO *MX KaHanoB KoppeKL^nn 
cneiapa curHana mo>kho nonynnTb 
3HannTenbHbiR Bbinrpbiu b OCLU Ha npneMHOM 
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CTOpOHe. TaKHM o6pa30M, B03MO>KHO 

TexHunecKoe peiueHne, npn kotopom Ha 
nepeflaiomyio cTopoHy nepeflaioTCH TonbKo 
oTcneTbi OMX nepeflaTOHHbix cpyHKL^H KaHanoe 
pa3HeceHMfl. npuneiw flOCTaTOHHO nepeflaBaTb 
3HaneHMfl tt>MX no oTHoweHwo k OMX KaHana 
pa3HeceHMfl, BbiBpaHHoro b KanecTBe onopHoro. 
3to no3Bon^eT nepeflaBaTb N-1 BeiaopoB 
oTcneTOB 04X BMecro N BeicropoB. nycTb 
onopHbiM, HanpuMep, flBnaeTCH nepBbifl KaHan 
pa3HeceHMfl. Torfla flna Ha nepeflatoi^yto 
CTopoHy cneayioT nepeflaBaTb BeKropbi 
OTcneTOB tt>MX KaHanoB pa3HeceHna co BToporo 
no N-bifl 

*i" = [q>ii.<Pi2.- ■■•tini- C 5 ) 



*im = argCG i Cf^>>-arqCG i <f m >>; 

17m; i = F7n; arg( *^ *y HK 4 Mfl B3f, ™ fl 
apryiuieHTa KoMnneKCHoro MMcna. 

06-beM nepeflaBaeMOM MHCpopMaL|t4M mokho 
eifle 6onee coKpaTMTb, yMeHbwaa pa3paflH0CTb 
L^cppoBoro npeflCTasneHMfi nepeflaBaewibix 
OTcneTOB <t>MX KaHanoB pa3HeceHKifl. flna aroro 
3aMeTMM, HTOflna nonyHeHMH Bbmrpbiwa b OCLU 

flOCTaTOHHO 06eCne4MTb TaKyK) TOHHOCTb <t>MX 

6noKOB npeflbicKajKeHMfi MHCpopMam«ioHHoro 
cwmana, npn KOTopofl eifle o6ecneHMBaeTC$i 
circsKeHwe (a He BbwuTaHne) cneKTpanbHbix 
nnoTHocTeR none3Horo curHana pa3nMHHbix 
KaHanoB pa3HeceHMfl b TOHKe npneiuia. JlerKO 
y6eflKiTbCfl, hto b stom cnynae flonycTHMbie 
paocornacoBaHUH b tohko npneiuia cpa30Bbix 
cnetapoB none3Horo curHana, nepeflaHHoro 
nepe3 nio6bie flBa paannHHbix KaHana 
pa3HeceHMfl, MoryT ne>KaTb b flnana30He ot 90 
AO 120 rpaflycoB b 3aBMCwvtocTM ot 
cooTHOLiiSHMW aMnnwTyfl cneKTparibHbix 
cocTaanaioiflHX. 

C yneTOM cKa3aHHoro flOCTaTOHHO 
nepeflaBaTb cneflyiomyK) HHcpopMai^MK). fins 
nepBoro (Bbi6paHHoro b KanecTBe onopHoro) 
KaHana pa3HeceHwa HHnero He nepeflaeTca. flna 
ocTanbHbix KaHanoB pa3HeceHna nepeflaioTcn 
Beiaopu OTcneTOB <t>MX KaHanoB pa3HeceHHfl, 
ho Ka>KflbiH OTcneT npeflCTasneH oflHo6nTHbiM 
HucnoM ("0" nnn "1"). 3to hhoio noKa3biBaeT, 

HTO COOTBeTCTByKJlflMd OTCHeT <t>HX HaXOflHTCfl 

nn6o b oflHoR 4>a30B0fl nonynnocKoc™ c 

OflHOMMeHHbIM OTCHeTOM OnOpHOfl <J>HX 

(cpnr.6a), nn6o b flpyroR 
nonynnocKOCTM (cpnr.66), T.e. 
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Ha nepeflaioifleR cTopoHe nonyneHHaa 
HHqoopMai^a ncnonb3yeTCfl flna pacneTa 
nepeflaTOHHbix cpyHKmiR 6noKOB 

npeflbiCKa>KeHMfi HHCpopMaL^OHHoro curHana (b 

6noKe 5) B COOTBeTCTBUM C Bblpa>KeHMflMM 

T 1 =[1,1,...,1]-(17) 

nepeflaTOHHa^ qtyHKmw 6noKa 
npeflbiCKa>KeHMfl HHCpopruiaUMOHHoro cumana, 
cooTBeTCTByioiflero onopHoiwy KaHany 
pa3HeceHna; 



nocKonbKy ee ncnonb30BaHne 
no3BonneT cyi^ecTBeHHo yBennnnTb 
noMexoycToi^HMBocTb KorepeHTHOM pa3HeceHHoti 
nepeflann. B stom cnynae flnn Ka>Kfloro KaHana 
pa3HeceHMH, BKmonafi m onopHbiR, cneayeT 
nepeflaBaTb Beicrop OTcneTOB ero AMX 

Ai T =[Aii,A i2 Am]- (19) 

npn 3T0M flnn npeflCTaBneHMfl Ka>«floro 
OTcneTa AMX floCTaTOH ho ncnonb30BaTb 
HecKonbKo pa3psiflOB, Hanpniwep 2-4 pa3p^fla. 
BbipaweHMH flnfl nepeflaTOHHbix q^yHKL^nR 
6noKOB npeflbicKa>KeHMfl nH^jopMaL^noHHoro 
cumana Torna flon>KHbi 6biTb MOflMcpnunpoBaHbi 

\ pn'\z- -"\n\ (ZO> 

- nepeflaTOHHas cpyHKL^nsi 6noKa 
npeflbicKa>KeHMfl MHcpopMai^MOHHoro cumana, 
cooTBeTCTByioiflero onopHOMy KaHany 
pa3HeceHM5i; 



rfle q(bi m ) - cpyHKUHfl npeo6pa30BaHHfi 
npuH^Toro flBOUHHoro nucna b cpa30BbiM cflBMr; 
flaHHan cpyHKUUJi Moxej 6biTb 3aflaHa b BMfle 
Ta6nnL^bi cooTBeTCTBMfl nepeflaBaeiworo n 
pa3pnflHoro Hucna onpefleneHHOMy cpa30BOMy 
cflBury. 

OnucaHHbie Bbiuje MeTOflMKH CHM>KeHMfl 
o6-beMa nepeflaBaeMoR KOHTponbHoPi 
HHcpopMaL^nn c npneMHoPi Ha nepeflaioiflyio 
CTopoHy HocjiT o6a\nR xapaiaep m, b nacTHocTM, 
MoryT 6biTb Tawe npnivieHeHbi b paHee 
paccMOTpeHHOM npuMepe npuMeHeHns 
3asiBJieHHoro M3o6peTeHH5i b cucTeMe cbsi3M c 
OFDM. 

npMMep annapaTHoH peann3ai^nn 6noKa 
npeflbicKa>KeHMH MHCpopMaL(MOHHoro cumana 
noacHfleT cpur. 5. HHO>opMaL^noHHbiH cuman 
CHanana pac4>nnbTpoBbiBaeTCfl c noMombio 
Ha6opa M cpunbTpoB (18 r 18 M ) Ha M 
npuMbiKaioiflux nacTOTHbix nonoc. Cuman 
Ka>KAoR nacTOTHoR nonocbi nepeMHOKaeTcn co 
SHaneHiieM nepeflaTOHHoCi cpyHKL|nn 6noKa 
npeflbicKa>KeHHfl HHCpopMai^noHHoro curHana Ha 
L(eHTpanbHO^ nacTOTe otoR nacTOTHO^ nonocbi 
(3Ta onepaL(iifi BbinonHneTcn c noMoiflbio 
nepeMHO>KHTeneii 19i-19 M ), n nonyneHHbie 
pe3ynbTaTbi cyMMnpyioTcn b cyMMarope 20. C 
Bbixofla cyMMaTopa 20 CHMMaeTCH Tpe6yeMbi£i 
npeflbiCKa>KeHHbi« HH(j3opMai4HOHHbi^ cuman. 

Bo3MO>KHbi n flpyrne cnoco6bi peann3aL^un 
6noKOB npeflbicKa>KeHM5i HHqbopMaL(MOHHoro 
cumana. Hanpuwiep, 6noK npeflbicKa>KeHMfl 
HHCpopMaL(iiOHHoro cumana mo>kho 
peann30BaTb b BUfle cpunbTpa, MMnynbCHaa 
xapaKTepucTMKa KOToporo MO>KeT 6biTb 
nonyneHa c noMoiflbio o6paTHoro. 

Bo3MO»<Hbi vi flpyrne cnoco6bi peanM3aL(MM 
6noKOB npeflbiCKa>KeHUfl MHC$)opMai-|MOHHoro 
cumana. Hanpniuiep, 6noK npeflbiCKaweHMH 
nHqbopMaunoHHoro cumana mo>kho 
peanii30BaTb b BUfle cpunbTpa, MMnynbCHa^ 
xapaKTepucTHKa KOToporo MO>KeT 6biTb 
nonyneHa c noMOiflbio o6paTHoro 
npeo6pa30BaHnn Oypbe nepeflaTOHHOM 
4>yHKL(MM 6noKa npeflbicKa>KeHMfl 
MHq^opMai^noHHoro curHana. nonyneHMe 
nepeflaTOHHoCi cpyHKL^MM 6noKa npeflbicKa>KeHMfl 
HHCpopMaL(MOHHoro curHana noflpo6HO 
paccMaTpMBanocb Bbiiue. 

npeflbiCKa>KeHne 



MHCfiopMai^MOHHoro curHana MO>KeT 
ocyu^ecTBn«Tbc« bo BpeivieHHofl m b 
cneicrpanbHofl o6nac™x, npn stom 
flOCTMraeMbiR acpcpeicr ynyHiueHMH 
noMexoycToHHUBOc™ npneivia 6yfleT 

OflUHaKOBblM. IIOCKOJlbKy Me>Kfly Bp6M6HHblM U 

cneicrpajibHbiM npeflCTaBjieHMeM cMmana 
cyu^ecTByeT b33mmho oflH03HaHHoe 
cooTBeTCTBue, BMfl npeflCTaBneHMa cMmanoB 
npu peajiM3ai^MM M3o6peTeHna Ha nepeflaioiuiefl 
m npneMHoR CTopoHax He MMeeT 3HaneHMa. 

33M6TMM, HTO XOTfl B paCCMOTpeHHblX B 

onucaHMM npuMepax peann3ai^MM M3o6peTeHMfl 
ncnonb3yeTC« npocTpaHCTBeHHoe v\m 
non5ipM3ai^MOHHoe pa3HeceHne, b zannnHeuou 
M3o6peTeHMM MoryT npuMeHflTbcn rnoobie 
M3BecTHbie BMflbi pa3HeceHMfl (HanpuMep, 
BpeMeHHoe v\m nacTOTHoe). CyiflHOCTb 

M306peTeHM51, KOTOpafl 3aKTlK)HaeTCfl B 

npeflbicKa)KeHMM MHCpopMamdOHHoro CKimana b 

C00TB6TCTBMM C nepeflaTOHHblMM CpyHKl^MflMM 

KaHaxioB pasHeceHMfl flna MaKCMMM3amm 
KanecTBa npneiwa MHCpopMai^noHHoro cumana, 
ocTaeTcn npu stom Heu3MeHHofi. 

3aflBJiseMoe n3o6peTeHne no cpaBHeHMio c 

M3B6CTHblMM TeXHMHeCKHMM peweHMflMM B 
flaHHOfi 06/iaCTM TeXHKIKM n03BOJ15ieT nOBblCMTb 

noMexoycToPiHUBOCTb nepeAann cw"Hana b 
cucTeMe paflnocBA3M npu 

HacToTHo-ceneKTMBHbix 3aMMpaHMflx cumana. 
OopMyna n3o6peTeHna: 

1. Cnoco6 KorepeHTHOfl pa3HeceHHoPi 
nepeAann cumajia, 3aKnioHaioiflMflcfl b tom, hto 
Ha nepeflaioiflefl crapoHe cpopMnpyioT N 
KaHanoB pa3HeceHMfl, cpopwiKipyioT N 
nnxiOT-curHanoB h Ha3HanaioT KSUKflOMy KaHany 
pa3HeceHna cboC* nmioT-curHan, nepeflaioT 
MHCpopMamioHHbiR cm-Han Mepe3 Bee Kana/ibi 
pa3HeceHMH, a nunoT-curHanbi no 
cooTBeTCTByioiuiMM KaHanaM pa3HeceHna, Ha 
npneMHoR cropoHe oueHUBaioT nepeflaTOHHbie 
c}3yHKi4MM KaHanoB pa3HeceHnn c 
Mcnorib30BaHMeM nepeflaHHbix nnnoT-cnrHanoB, 
nepenaioT pe3ynbTaTbi oi^hkh nepeflaronHbix 
cpyHKi^Hfl KaHanoB pa3HeceHna Ha nepeflawinyio 
CTopoHy, Ha nepeflaioinefi cropoHe b 
COOTB6TCTBMM c nonyneHHbiMM pe3ynbTaTaMH 
oi^eHOK ocyu^ecTBnflKJT npeflbiCKaweHHe 
MHCpopiviai^MOHHoro curHana, nepeAaBaeMoro 
nepe3 KSDKflbiH KaHan pa3HeceHna t3kwm 

06pa30M, HTOSbl MaKCMMM3MpOBaTb KaHeCTBO 



npnewia MHqbopMai^MOHHoro cumana Ha 
npneMHoCf CTopoHe. 

2. Cnoco6 no n.1, OTnunaioinnCica TeM, hto 
nunoT-cw-Hanbi KaHanoB pa3HeceHna m 

MHCpOpMai^MOHHblR CMmajl HBnfllOTCfl B33MMHO 
OpTOrOHajlbHblMM. 

3. Cnoco6 no n.1 mjim 2, OTnHHaioiflMflcfl TeM, 
hto nmioT-curHanbi KaHanoB pa3HeceHMH m 

MHCpOpMai^HOHHblR CMTHan 3aHMM3K)T OflHy M Ty 

wb nonocy nacTOT. 

4. Cnoco6 no n.1 mjim 2, OTnHHaioLflMflca TeM, 
hto nunoT-curHan Ka>Kfloro KaHana pa3HeceHM5i 
npeflCTaanaeT co6oR coBOKynHOCTb 
y3KononocHbix nunoT-curHanoB, 
pacnpefleneHHbix no nonoce nacTOT, 
3aHMMaeMo^ MHct>opMai4MOHHbiM cumanoM. 

5. Cnoco6 no n.1, vmv\ 2, nnn 4, 
OTnnHaioLi|MflcH TeM, hto nmioT-curHan Kax<noro 
KaHana pa3HeceHHH npeflCTaBJineT co6oR 
coBOKynHOCTb y3KononocHbix nnjioT-curHanoB, 
pacnpefleneHHbix no nonoce nacTOT, 
BbifleneHHoti cucTeMe paflnocBfl3M, npn stom 
nonoca nacTOT pasflenfleTCfl Me>Kfly 
y3icononocHbiMM nunoT-curHanaMM pa3nnnHbix 
KaHanoB pa3HeceHMfl n MHCpopMai^MOHHbiM 
cumanoM. 

6. Cnoco6 no n.1, OTnwHaioLi|nHcfl TeM, hto 
Ana ocyii|ecTBneHM« npeflbicica)KeHMfl 
nHCpopMaL(MOHHoro cumana pa36nBaioT nonocy 
nacTOT MHCpopMaL\noHHoro curHana Ha M 
npuMbiKaioiflux nacTOTHbix nonoc, 
ccyujiecTBnflKDT 4>nnbTpaunio MH(}>opMauMOHHoro 
cumana b KaxcfloH nacroTHoH nonoce, o6pa3yfl 
M 4>nnbTpoBaHHbix MH(}>opMauMOHHbix cumanoB, 
KoppeKTupyioT cpasy n aMnnnTyfly Kaworo 
cpunbTpoBaHHoro MHCpopMaL(MOHHoro cumana b 

COOTBeTCTBMM C pe3ynbTaTaMM OL^eHKM 

nepeflaTOHHoR cpyHKL|nn cooTBeTCTByromero 
KaHana pa3HeceHkia o6pa3yn 
CKoppeKTupoBaHHbie 4>nnbTpoBaHHbie 
HHCpopMamioHHbie cumanbi, KOTopwe 3aTeM 
cyMMnpyioT. 

7. Cnoco6 no n.1, OTnunaioiflMKcfl TeM, hto 
Ana ocyiflecTBneHMfl npeflbicKa>KeHHJi 
MHCpopMaL(noHHoro curHana ocyiflecTBnflK5T 
npflMoe npeo6pa30BaHne <J>ypbe Hafl 
MHCpopMaL|MOHHbiM curnanoM, pe3ynbTaT 
npeo6pa30BaHMR nepeMHO>KaioT c cpyHKL(ne«, 
KOMnneKCHO conpn>KeHHO« c nepeflaTOHHofl 
cpyHKL(ne« cooTBeTCTByioii|ero KaHana 
pa3HeceHnn, v\ ocyiflecTBnnioT o6paTHoe 
npeo6pa30BaHne <J>ypbe. 
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